ABSTRACT KEITH, ELIZABETH S. (University of Georgia, Athens), AND JOHN J. POWERS. Effect of phenolic acids and esters on respiration and reproduction of bacteria in urine. Appl. Microbiol. 13:308-313. 1965.-Vanillic, syringic, gallic, and protocatechuic acids, methyl-p-hydroxybenzoate, and propyl-p-hydroxybenzoate generally inhibited respiration in vitro of Escherichia coli, Proteus vulgaris, Pseudomonas aeruginosa, and Aerobacter aerogenes in human urine. In the absence of any other available carbon source, certain of the phenolic compounds were utilized. Reproduction was generally suppressed in urine buffered to pH 7, 5.6, 4.5, and 4.0. The phenolic compounds were used in the range of 0.11 to 0.99 ,mole/ml. Masquelier and Jensen (1953a, b) reported that malvidin, one of the anthocyanins of wine grapes, is bactericidal toward Escherichia coli. Previous work in our laboratory Powers, 1963 Powers, , 1964 Somaatmadja and Powers, 1964) has shown that anthocyanin compounds and breakdown products of anthocyanin compounds (Hamdy et al., 1961; Powers et al., 1960) inhibit microorganisms. Fellers, Redmond, and Parrott (1933) showed that cranberries contain quinic acid and appreciable quantities of benzoic acid; Bodel, Cotran, and Kass (1959) suggested that cranberry juice might be used to treat urinary infections, because quinic acid is excreted in the form of hippuric acid which is bacteriostatic at pH 5.0. Forty-three phenolic acids, including protocatechuic, vanillic, and homovanillic acids and p-hydroxybenzoate, have been shown to be excreted from the urine unchanged (Williams, 1959; Barness et al., 1963; Armstrong, Shaw, and Wall, 1956; Numerof, Gordon, and Kelly, 1955) . The purpose of this study was to determine whether syringic, vanillic, gallic, and protocatechuic acids, which are breakdown products of various anthocyanins, would inhibit E. coli, Proteus vulgaris, Aerobacter aerogenes, and Pseudomonas aeruginosa in urine. The four organisms are known to invade the urinary tract (Gershenfeld, 1948; Grayhack, 1964; Michel-Pascal, 1964 cause these compounds and other phenolic esters or salts have been used as food preservatives (Ingram, 1956; Morse, 1951; Schimmel and Husa, 1956; Chemo-Puro Manufacturing Corp., 1959 
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The action of methyl-p-hydroxybenzoate and propyl-p-hydroxybenzoate was also tested, be-I Approved as Journal Paper no. 395, College Experiment Station, College of Agriculture, University of Georgia, Athens. cause these compounds and other phenolic esters or salts have been used as food preservatives (Ingram, 1956; Morse, 1951; Schimmel and Husa, 1956; Chemo-Puro Manufacturing Corp., 1959 2, 4, 6, 24, 30, 48, 54, and 78 hr at 37 C. A Bausch & Lomb Spectronic-20 colorimeter was used to measure the turbidity of cultures grown at 37 C in the presence of compounds at 0.33, 0.66, and 0.99 ,umole/ml. Tryptone Glucose Extract broth was used to grow the 18-hr cells used for inoculations. Syringic and vanillic acids at pH 7, 5.6, 4.5, and 4.0 were placed in urine diluted 1:10 and inoculated with E. coli and P. vulgaris. Syringic acid, vanillic acid, methyl-p-hydroxybenzoate and propyl-p-hydroxybenzoate were added to urine diluted 1:10 and containing 0.02% added dextrose. Phosphate buffer was added to establish pH levels of 7, 6.2, and 5.6. These solutions were inoculated with E. coli and P. vulgaris and with A. aerogenes. Gallic acid in 1:10 urine plus 0.02% sugar at pH 7.0 and 5.6 was inoculated with E. coli, P. vulgaris, and E. coli plus P. vulgaris. Readings were taken every hour for the first 2 hr, at 15-min intervals for the next 6 hr (during the logarithmic-growth phase), and then every hour for 4 hr; finally, a 24-hr reading was taken.
RESULTS
Manometric experiments. Table 1 shows the results of six replications with human urine diluted to one third and buffered to pH 6.2. Inhibition is indicated by a negative sign. Table 2 shows that the organisms were generally able to utilize the compounds when no other carbon source was available. The positive sign indicates utilization and the negative sign indicates that oxygen uptake was less than in the buffered substrate with no urine. Figure 1 illustrates the effect of methylp-hydroxybenzoate, which was inhibitory toward A. aerogenes. In Fig. 2 is shown the effect of protocatechuic acid toward E. coli; the acid was inhibitory in the presence of urine, but was utilized by the organism when no other carbon source was available.
In the evaluation of these results, the entire period of oxygen uptake, not just the 120-and 210-min readings, was considered. In urine, respiration of E. coli was inhibited by all compounds at the 0.22 ,UM level and by all except vanillic acid and propyl-p-hydroxybenzoate at There was no noticeable difference in the respiration of E. coli with propyl-p-hydroxybenzoate when 9-day urine instead of fresh urine was used as the substrate.
Turbidimetric determination. Table 3 shows the effect of these compounds on multiplication in urine buffered at pH 5.6. At pH 7 the effect of vanillic and syringic acids on E. coli in urine diluted 1:10 was slight. At pH 5.6 the effect was pronounced. At pH 4.5 and 4.0, the effect of the acid was not as evident, as would be expected, because the controls showed rather limited growth at these pH levels. However, it could be seen that, as the concentration of the acid increased, inhibition of growth also increased. P. vulgaris in urine at pH 7, 4.5, and 4.0 with vanillic and syringic acid was inhibited according to the concentration of the acid; 0.33 ,AM caused the least inhibition and 0.99 Mm, the most. At pH 5.6, the lag phase was lengthened, but after 12 hr of incubation organisms at the 0.33 ,UM level of vanillic acid treatment grew better than the control. This was true also for the 0.99 ,UM level of syringic acid when the 1:10 urine plus 0.02% glucose substrate was inoculated with E. coli plus P. vulgaris. In mixed culture, E. coli and P. vulgaris did not grow well in the control medium at pH 7. Growth of E. coli and P. vulgaris was appreciable at pH 5.6, 4.5, and 4.0, and the inhibition by both vanillic and syringic acids could be easily observed.
A. aerogenes grown in 1:10 urine plus 0.02% sugar at pH 7.0, 6.2, and 5.6 in the presence of 0.33, 0.66, and 0.99 ,uM vanillic acid, syringic acid, methyl-p-hydroxybenzoate, and propyl-p-hydroxybenzoate was inhibited with increasing concentration, in both the lag and the logarithmic phases. One exception to this was at pH 5.6; at this pH, the lag phase of A. aerogenes in the .--, -.--,
